ABSTRACT -The surgical treatment of intracranial aneurysms by clipping is recognized as effective and definitive. However some cases that suffered a new subarachnoid hemorrhage (SAH) some time after they were submitted to aneurysm clipping have raised doubts about the concept of "cure"after this treatment. Eleven patients previously submitted to aneurysm clipping who presented a new SAH were analyzed. The time elapsed from surgery to SAH varied from 3 to 10 years. After SAH four patients had a poor outcome. The new episode of SAH occurred due to intrinsic factors of the cerebral vasculature: 1. a weak point of the vessel wall near the previous aneurysm, 2. a weak point of another vessel far from the previous aneurysm, 3. a previous infundibular dilation of the posterior communicating artery; and due to technical problems: 1. aneurysm not identified during the previous treatment, 2. aneurysm deliberately left untreated, 3. persistence of the aneurysm due to inappropriate surgery, 4. persistency of part of the aneurysm neck after clipping and 5. slipping of the clip from the neck of the aneurysm. The measures to prevent new SAH after surgery start with adequate preoperative angiographic studies, a careful inspection of the position of the clip and emptying of the aneurysm. Early angiography studies may reveal a persistent neck and later ones may reveal newly developed aneurysms. In conclusion, SAH after aneurysm clipping is a late and severe phenomenon and the concept of "cure" after this surgery should be interpreted with caution. KEY-WORDS: recurrent subarachnoid hemorrhage, ruptured cerebral aneurysms, surgical treatment.
The exclusion of intracranial aneurysms by neck clipping is a widely diffuse procedure at all neurosurgery centers and today there is a consensus in the literature that this is the best method for the treatment of this disease 219 . However, even after surgery for exclusion of an aneurysm from the circulation in which a patient is considered cured, a new subarachnoid hemorrhage (SAH) may occur, with high morbidity/mortality '- 3 -91418 . During the past 10 years we assisted some patients with recurrent SAH after aneuriysm clipping and in this paper we discuss the possible causes of the new hemorrhage and the management to be followed to minimize its risk.
CLINICAL MATERIAL AND METHODS
From 1984 to 1994, aneurysm surgery was performed in 441 patients in our institution and in this period we assisted 11 patients who presented a new SAH some time after surgery for clipping of a ruptured aneurysm. Five of these were primarily operated on at our institution and 6 elsewhere.
Case Reports (Table 1 ) Case 1 -A 29-year-old white woman, was seen in August 1982 with a history of neck pain of 15 days duration and right ptosis of 6 days duration. Cerebral angiography showed an aneurysm of the internal carotid artery (ICA) -posterior communicating artery (PCoA) (Fig 1A) , which was not of the primitive type. Surgery for aneurysm clipping was performed without difficulties. A control angiography showed aneurysm exclusion ( Fig IB) in all incidences. The patient evolved well up to June 1993, when she was examined at our hospital with headache and intermittent right ptosis. A computerized tomography (CT) scan showed hydrocephalus. The patient was submitted to a ventriculo-peritoneal shunt (VPS) and later to cerebral angiography which revealed an aneurysm of the ICA close to the previous clip ( Fig 1C) . The patient was submitted to a further operation and, during surgery, we observed that the microclip initially applied was well positioned, occluding the neck of Table I . Summary of patient data and evolution.
an aneurysm located in the superolateral angle of the PCoA emergence in the ICA, and another 8-mm aneurysm located in the posteroinferior angle of this junction that was clipped. The postoperative evolution of the patient was good and a control angiography showed exclusion of the second aneurysm (Fig ID) . Collagenosis and systemic hypertension was not found.
Case 2 -A 55-year-old white woman, was seen in October 1988 with clinical symptoms of SAH of one week duration. Angiography showed aneurysms of the right middle cerebral artery (MCA) and at the anterior communicating artery (ACoA), as well as infundibular dilation at the ICA-PCoA junction bilaterally. The patient was operated upon for clipping of the two aneurysms. The infundibular dilations were inspected and, despite several attempts, it was impossible to apply a clip in order to reduce them. The patient evolved well up to January 1994 when she was admitted comatose to the hospital. A CT scan revealed a small right temporal hematoma and the angiography an aneurysm at the right ICA-PCoA, where the infundibular dilation had been present previously. The patient was submitted to an external cerebrospinal fluid drainage and later to a VPS. Because of the serious neurological condition of the patient, we decided not to perform surgery. After being discharged from the hospital, the patient improved progressively. In September 1994 she was operated on for clipping of the neoformed aneurysm of the right ICA.
Case 3 -A 34-year-old black woman, was seen in July 1986 after sudden onset of headache 12 days before admission. Discrete hemiparesis on the right and paralysis of the right III cranial nerve was noticed. She had been operated on for intracranial aneurysm clipping at another hospital 6 years before. Carotid angiography revealed an aneurysm of the right ICA-PCoA and another of the ACoA, as well as clips in the topography of the left ICA. The patient was submitted to clipping of the two aneurysms, with a good clinical course. A later angiography of the vertebral-basilar system showed an aneurysm on the tip of the basilar artery. The patient was submitted to aneurysm clipping and emptying by puncture. No postoperative angiographic control was performed. In August 1990 the patient was readmitted to our hospital with a new hemorrhage. A CT scan revealed ventricular dilation and angiography showed filling of the basilar artery aneurysm. The patient was submitted to an external cerebrospinal fluid drainage but she died. Collagenosis and systemic hypertension was not found.
Case 4 -A 36-year-old white woman, was operated on in 1985 for multiple aneurysm clipping using a left side approach (left MCA, left ICA and ACoA). The patient declined surgery on the contralateral aneurysm (right MCA). The patient did not return and in February 1991 suffered a new SAH. New angiography revealed the aneurysm of the right MCA which was clipped using a homolateral approach. Signs of hemorrhage in the aneurysm region were observed during surgery. The patient had a good clinical course.
Case 5 -A 20-year-old white woman was seen in August 1987 with SAH while in the 6th month of pregnancy. Angiography revealed an aneurysm of the right ICA bifurcation. The patient was operated on, with a good clinical course. In May 1994, she presented a new SAH and a CT scan revealed a localized hemorrhage predominantly in the left basal cisterns. Angiography revealed 3 aneurysms that were not contrasted in the previous angiography, one of the left ICA bifurcation, one of the right anterior choroid artery, and the third of the right PCoA. The patient was submitted to clipping of the 3 aneurysms and presented a good clinical course. Collagenosis and systemic hypertension was not found.
Case 6 -A 31-year-old white man, was seen in April 1984 with a history of headache starting 4 days before, neck stiffness and haemorrhagic cerebrospinal fluid. Angiography showed an aneurysm in the bifurcation of the left ICA, which was clipped using homolateral craniotomy. During the immediate postoperative period, the patient developed right hemiparesis and a control angiography revealed thrombosis of the proximal left ICA, with good filling of the distal left ICA and MCA through collateral circulation by the ACoA from the opposite side. The patient had a good clinical course, with recovery of the motor deficit. In May 1994 he had a new SAH episode and a CT scan revealed hemorrhage in the frontal interhemispheric fissure close to skull base. The patient was admitted comatose to the hospital and improved slightly after an external ventricular drainage. Angiography revealed an aneurysm of the ACoA, thrombosis of the ICA on the left and exclusion of the previously clipped aneurysm. The patient was submitted to clipping of the ACoA aneurysm by reopening of the previous craniotomy and during surgery it was observed that the previous clip was positioned not only in the neck of the aneurysm of the bifurcation, but also involved part of the ICA. The patient did not improve after surgery and continues confined to a bed.
Case 7 -A 35-year-old white man, was seen in August 1989 with a history of sudden headache starting 2 days before. A CT scan showed hemorrhage in the frontobasal interhemispheric fissure, and angiography revealed an aneurysm of the ACoA. The patient was submitted to aneurysm clipping and presented clinical signs of vasospasm during the postoperative period, showing progressive recovering. A control angiography revealed persistence of bulging in the ACoA region, although with aneurysm excluded, and an ectatic and elongated basilar artery. The patient was submitted to another operation in an attempt to reposition the clip in the aneurysm, but this was not possible because several perforating arteries emerged from the bulging area. The patient had a good course until May 1994, when he suffered a new hemorrhage and was admitted comatose to the hospital. A CT scan showed dilation of the basilar artery, suggesting a giant aneurysm in its bifurcation. The patient died and autopsy revealed intense hemorrhage around the basilar artery. After clot removal it was possible to determine that this artery was ectatic and had an aneurysmic dilation at the tip, with a very thin wall, where the rupture that caused hemorrhage probably occurred. The posterior cerebral arteries emerged from the upper portion of this dilatation, a fact that would have prevented surgical treatment The carotid arteries also showed several areas of atheromatous plaque and thickened walls.
Case 8 -A 40-year-old white man was seen in May 1994 with a history of a previous operation for aneurysm clipping of the left MCA in another hospital and presenting a new SAH episode starting 2 days before. A CT scan revealed the presence of blood in the cisterns around the brain stem in the posterior fossa, predominantly on the left. Angiography revealed an aneurysm of the basilar artery at the origin of the left superior cerebellar artery. The patient was submitted to surgery and clipping of the basilar artery aneurysm by reopening the previous craniotomy. During surgery it was observed that the previous clip occluded the neck of the MCA aneurysm and involved one of the branches of the MCA bifurcation. The patient had a good postoperative course.
Case 9 -A 41 -year-old man was seen in June 1993 with SAH and a history of surgery at another service in 1985 for intracranial aneurysm clipping. Angiography revealed clips in the projection of the ACoA and a giant aneurysm of the ACoA, another aneurysm of the rigth PCoA, and an arteriovenous malformation in the left frontal region. At surgery, which was performed using a right pterional approach, we detected a clip occluding the Al branch and two clips in the subarachnoid space. The patient was submitted to aneurysm clipping, with a good clinical course. He refused surgery for the treatment of the arteriovenous malformation.
Case 10 -A 57 year-old-white woman was seen in May 1993 with a history of intracranial aneurysm surgery 10 years before. Angiography revealed an right MCA aneurysm and an ACoA aneurysm, as well as a clip in the ACoA projection. During surgery, the MCA and ACoA (ruptured) aneurysms were clipped. The previously applied clip was positioned in a perforating artery originating from the right Al, outside the neck of the aneurysm. After surgery the patient had a good clinical course.
Case II -A 42-year-old white woman was seen on August 9,1990 with signs and symptoms of SAH. She had a diagnosis of systemic lupus erythematosus. Cerebral angiography revealed bilateral ICA aneurysms (PCoA and anterior choroidal artery). The patient was submitted to left pterional surgery on August 9,1990 and to right pterional surgery on August 21, 1990, for aneurysm clipping. She was discharged with a normal neurological examination and was well until October 20, 1994, when she was readmitted with new clinical symptoms of SAH and paresis of the left HI cranial nerve. A CT scan showed an area of hemorrhage on the left perimesencephalic cistern. Cerebral angiography revealed a 10-mm aneurysm of the basilar tip shifted to the left (Fig 2A) and an aneurysm of the ACoA. The previously clipped aneurysms were excluded from the circulation. Revision of the previous angiography revealed a 3-mm aneurysm at the basilar tip (Fig 2B) . The aneurysm of the anterior communicating artery could not be precisely identified. The patient was submitted to reopening of the left pterional craniotomy and clipping of the ACoA aneurysm and of the basilar aneurysm (ruptured), which originated laterally between the left posterior cerebral artery and superior cerebellar artery. During the postoperative period she developed transient paralysis of the HI cranial nerve on the left. She was discharged on November 12,1994.
DISCUSSION
A surgeon's expectation after clipping an aneurysm and after the risk of vasospasm has decreased is that the patient is cured of his disease. However, the occurrence of SAH during the late postoperative period 6 , with an unfavorable course 3 -4 ' 914 , has led to a rethinking of this concept and to the proposal of measures that will minimize this risk.
The new SAH episode may occur due to intrinsic factors of the patient's vasculature that permit the formation of a new aneurysm or may be due to technical problems that impair the appropriate exclusion of the aneurysm during clipping 214 or may be to other causes than aneurysm rupture, for example AVM (Case 9). Among the intrinsic factors, we may mention: 1. the formation of a new aneurysm from the pathological segment of the vessel close to the previous aneurysm (Case 1) 14 ; 2. The formation of a new aneurysm from a pathological segment of different location (Cases 3 -PCoA, ACoA and basilar; 5, 6, 7, 8, 9 -ACoA and 11 -ACoA) 13 , and 3. the formation of an aneurysm from a pre-existing infundibular dilation (Case 2) 5 " im2° ai . Among the technical problems, we may cite the following: 1. presence of an aneurysm that was not identified during the first treatment (Cases 3 -PCoA, ACoA and basilar; 8 -basilar; 9 -ACoA; 10 -MCA; and 11 -basilar); 2. presence of a deliberately undipped aneurysm (Cases 3-PCoA, ACoA and basilar, 4,8); 3. persistence of the aneurysm due to inappropriate surgery (Cases 9 -ACoA; and 10 -ACoA); 4. persistence of the aneurysm neck due to inappropriate clip application (Case 3 -basilar) 214 , and 5. slipping of the clip from its normal position (Case 3 -basilar).
In the first case, the patient was operated on and control angiography showed complete absence of the aneurysm. However, 11 years later a new aneurysm formed near the clip, indicating that the segment of the artery with a weakened wall extended beyond the origin of the previous aneurysm. In this case there was the formation of a new aneurysm at a site in the PCoA-ICA junction differing from that of the previously treated aneurysm, but in the same area.
In Cases 5,6 and 11 (ACoA aneurysm), we identified "de novo" aneurysms at sites other than the area of the previously treated aneurysm. These patients presented normal angiography in arterial segments that later became pathologic. In the sixth case, the increased flow in the ACoA for the establishment of a collateral network probably contributed to the formation of the new aneurysm, as suggested in the literature 15 .
A situation that we have observed at some frequency in patients operated on for multiple aneurysms is the presence of areas of arterial wall thinning. These areas are mainly located in the bifurcations and have the appearance of a weak point through which blood flow can be seen by transparency through the vessel. These areas may possibly be potential sites of formation of new aneurysms. In these cases we coagulate the lesion when it presents some bulging or we wrap it with muscle or with nylon when it is flat.
The formation of a new aneurysm from an infundibular dilation of the PCoA is a known fact 1718 ' 20 ' 21 and has been the subject of a case reported by us previously". The possibility of the formation of an aneurysm from the infundibular dilation seems to be related to the fact that these lesions present histological alterations in the walls that are similar to those observed in the aneurysms.
For this reason, these lesions may be the cause of SAH even without the formation of an aneurysm.
A SAH case has been recently reported in which there was infundibular dilatation by angiographic criteria, although surgery identified the origin of bleeding in the dilation, corroborating the impression that these small dilatations should be treated 7 . In Case 2, an infundibular dilation was detected by angiography and during surgery, and later changed into an aneurysm. This patient presented multiple aneurysms, suggesting the presence of generalized vascular disease, as also observed in Case 11
(systemic lupus erythematosus), in which collagenosis may have contributed to the formation of multiple aneurysms.
Whenever possible, infundibular dilations of the PCoA should be submitted to some type of treatment to avoid SAH. In the patients in which they are only an angiographic finding, the most accepted conduct is follow-up with periodic angiographies at 6 month to 1 year intervals. When associated with other aneurysms, they should be explored. Our policy has been to apply a clip to the infundibular dilation parallel to its great axis in order to reduce its volume. This is possible when there is an asymmetrical dilation or when the vessel of origin, generally the PCoA, forms a curve immediately after its emergence, causing an external protrusion. When we cannot achieve this reduction, we eventually wrap the lesion with a muscle or nylon fragment in order to reinforce the vessel wall. However, there is no evidence that these procedures are effective for the prevention of bleeding. Some investigators 16 recommend wrapping these lesions with plastic substances. The infundibular dilations contralateral to the craniotomy are also explored and treated whenever possible, although they usually are more difficult to clip.
In the third case, two situations occurred. The first was the detection of other aneurysms in a patient operated upon for aneurysm clipping at another service. Due to the lack of precise information, two hypotheses may be considered: 1. lack of identification of the other aneurysms due to an incomplete or technically unsatisfactory angiographic study (that also occurred in Case 11, aneurysm of the basilar artery); 2. formation of new aneurysms, and 3. clipping only of the ruptured aneurysm as a deliberate decision or due to technical difficulties (a fact that also occurred with Patient 8). The second situation was observed after the clipping of all aneurysms, including that of the basilar artery, in which the possible persistence of a remnant neck even after puncture and emptying, or clip slipping permitted the aneurysm to form again. A late angiographic study might identified this aneurysm before rupture, especially in view of the history of multiple aneurysms and recurrent SAH.
The persistence of a 1-2 mm remnant neck after aneurysm clipping is usually accepted as a low risk situation 4 . However, several cases of SAH have been reported in this situation, suggesting that this concept should be changed. Yasargil 19 reports that a new aneurysm may originate early (within less than 2 weeks) from the persistent remnant neck after clipping of the previous aneurysm and provoke a new SAH. In our patients and in those reported by others 3,4 -814 in whom this situation was observed, the phenomenon occurred late, i.e., several years after the first surgery.
In Cases 9 and 10 we observed an association of technical problems and of intrinsic circulation factors of the patient that may have caused the new hemorrhage: 1. a new rupture of the inadvertently undipped initial aneurysm during the first operation (a fact that also occurred in Patient 10); 2.
rupture of the associated arteriovenous malformation (AVM), and 3. rupture of the new aneurysm formed at another site, favored by the high AVM flow.
With respect to aneurysms of the anterior circulation, there is a predominance of recurrence or formation of a new aneurysm when the previous one was in the ICA-PCoA, especially when the PCoA is of the primitive type 14 . In addition to the greater flow and stress in this region 15 , when aneurysms are located in the posteromedial region of the ICA-PCoA junction, the visualization of their necks is difficult. This can lead to incomplete clipping which may not be identified by the surgeon even after aneurysm puncture and emptying.
Case 4 reinforces the concept that an unruptured aneurysm should be approached surgically, especially in young patients 12 .
In the present case, the new SAH due to postponement of surgery fortunately did not provoke an unfavorable outcome.
In Case 7 the patient presented diffuse arterial disease probably due to a metabolic alteration, with the formation of atheromatous plaque and dilation of the basilar artery. Even after visualizing the artery at autopsy we were unable to imagine an efficient treatment for this alteration.
The measures to be taken to avoid SAH recurrence in patients submitted to aneurysm clipping should start before the surgery. Angiographic study of the four cerebral vessels is imperative, regardless of the finding of an aneurysm in the anterior circulation. The technical quality of the examination should be adequate to permit the visualization of small lesions, including incidences in oblique positions whenever necessary.
A careful inspection of the positioning of the clip in relation to the neck of the aneurysm should be made during the surgery in an attempt to eliminate the persistence of an unoccluded portion of the neck. However, the major problem is the persistence of a segment of the aneurysm not excluded by the clip. Aneurysm puncture and emptying is a very important procedure to minimize this problem since it permits a better mobilization of the aneurysm and of the vessel and a better visualization of the anatomical relationships. Another maneuver that can be used is the visualization of aneurysms located posteriorly to the vessel of origin, as is the case for some aneurysms of the ICA-PCoA junction, using small mirrors or endoscopes. The first maneuver to be considered for the elimination of neck or aneurysms remnants is clip repositioning. When the aneurysm is ruptured this maneuver may be performed using a new clip applied distally to the first or, when this is not possible, temporary clipping of proximal and distal vessels may be used. When clip repositioning does not solve the problem, the clip should be replaced by another of more appropriate shape, or a second clip may be applied to the persisting neck segment. Fenestrated clips with different angulations applied with the blades placed posteriorly and parallel to the carotid and with the fenestra surrounding the vessel, are very useful to avoid the persistence of neck segments in the medial portion of the aneurysm, especially in some aneurysms of the ICA-PCoA junction.
A control angiography performed after surgery may be another auxiliary measure in the identification of neck segments or of persisting aneurysms, in addition to permitting visualization of inadequate clip positioning in relation to the normal vessels 10 . However, angiographies performed during the first postoperative days may not reveal a 1-2 mm neck remnant, which may be masked by the clip blade 3 . For this reason, some authors 14 proposes a late control angiography for all patients submitted to ICA-PCoA aneurysm clipping, especially when the PCoA is primitive and the patient is young.
We have routinely performed aneurysm puncture and/or emptying and more recently we have resected and coagulated the aneurysm segment distal to the clip. We believe that early or late control angiography can identify alterations that may cause new hemorrhages. However, due to the difficulties encountered at our hospital, we have not performed these procedures in a routine manner. Early angiographies are performed only in patients in whom some technical problem occurred during clipping and late angiographies are performed for patients with evidence of difuse vascular illness (multiple aneurysm and or weak points in the vascular wall seen during surgery).
In conclusion, the classical concept of "cure" after aneurysm clipping should be viewed with caution or even replaced with "probable cure", because SAH may recur several years after the first surgery. This can occur whem the patient has already been discharged from the outpatient clinic, causing embarrassment for the physician, since recurrent SAH is a very serious phenomenon, as observed in four of our cases (two deaths and two patients confined to bed).
